Morphological revertants have been isolated from one line of adenovirus type 12-transformed hamster cells. This line, T637, is oncogenic in hamsters and contains multiple copies of the virus genome per cell. Different parts of the virus genome are represented in non-stoichiometric amounts and the virus DNA persists in the cells in an integrated form. The pattern of integrated virus genomes has been determined by the blotting technique.
INTRODUCTION
In a series of investigations, four lines of adenovirus type I2-transformed hamster cells have been characterized (Fanning & Doerfler, 1976; Doerfler et al. I977, Groneberg et al. 1977; Sutter et al. 1978) . The four lines, T637, HAI2/7, A2497-2 and A2497-3, are oncogenic when injected into hamsters (Doerfler et al. I977) and contain multiple copies of the virus genome per cell. Different sections of the adenovirus type 12 DNA are, however, represented in unequal amounts (Fanning & Doerfler, ]976 ). It has been demonstrated that the virus DNA in these cell lines persists, at least in part, in an integrated form (Groneberg et al. I977) . Using six different restriction endonucleases and the transfer technique developed by Southern (I975) , it has been established that the pattern of integration is distinct for each of the cell lines studied (Sutter et al. I978) . The patterns of integration are stable with continued passage of the cells and are identical in several independently isolated clones of the four lines (Sutter et al. 1978 ) .
From one of the adenovirus type i2-transformed hamster cell lines, the T637 line which was obtained by transformation of the B3 subline of BHK2I cells (Strohl et al. I97o) , we have isolated and partially characterized two morphological revertants. In contrast to the T637 cells, which are round cells, both revertant lines exhibit fibroblastic morphology. In the present communication we describe the isolation and characterization of the two revertant lines with respect to morphology, biological properties and content of virus DNA. A more detailed study of the properties of a large number of revertant lines is in progress.
Recently, revertants of SV4o-transformed rat cells have been isolated and characterized (Steinberg et al. I978) . In these revertants the virus genome was either retained or lost completely or in part. All revertants were found to be T antigen-negative and were not highly tumorigenic when injected into nude mice.
METHODS
Cell lines and propagation of cells. The B 3 subline of BHK2I cells and the T6Y7 line, which was obtained by transformation of B3 cells with adenovirus type I2, were a gift from Dr W. A. Strohl, Rutgers University Medical School, Piscataway, N.J., U.S.A. The B3 and T637 lines, as well as the two revertant lines (see below), were grown in reinforced Eagle's medium (Bablanian et al. I965) supplemented with 1o% foetal bovine serum (Flow Laboratories).
Isolation and cloning of morphological revertants. In cultures of T637 cells, fibroblastic revertants arose spontaneously. These fibroblasts could be clearly distinguished from the small, round T637 cells. The revertants could be enriched due to their ability to adhere to plastic surfaces in cultures that had been kept beyond confluency. Under these conditions most T637 cells became detached. After several changes of medium, the cells remaining attached to the plastic flask were trypsinized and plated out in Falcon microtitre plates at a concentration of 0"5 cells/well. Two clones of fibroblasts were isolated, and the cells were further propagated. According to their positions in the microtitre plates originally used, these clones were designated FIO and GI2.
Phase contrast microscopy and photography. Phase contrast micrographs were obtained in a Leitz Diavert microscope using Kodak Panatomic X film.
Determination of the uptake of SH-labelled 2-deoxyglucose. The technique described by Becker et al. 0977) was used. Cells growing in monolayers (5 × Io5 to 1.8 x io 6 cells per 60 mm diam. dish) were washed with phosphate buffered saline (PBS; Dulbecco & Vogt, I954) at 37 °C. Subsequently, I ml of PBS was added to the dish containing 0"5 #Ci of 3H-labelled z-deoxyglucose (Amersham, sp. act. 20 Ci/mmol) , and incubation at 37 °C was continued for IO min. At the end of this incubation period, the cells were washed three times with PBSd (PBS without Ca 2+ and Mg z+) and scraped off the plastic dish. A portion of the cells was counted, and the 8H-radioactivity associated with the cells was measured in a Packard TriCarb liquid scintillation spectrometer, model 3385. Details of the procedures used in scintillation counting have been described before (Burger & Doerfler, I974) .
Determination of the uptake of 3H-labelled amino acids. The uptake of amino acids was measured in the absence or presence of concanavalin A (Pharmacia, Uppsala, Sweden) and the technique of Foster & Pardee (I969) was used with modifications. Cells growing in monolayers (about I x IO 6 cells per 60 mm diam. dish) were washed with PBS at 37 °C and were subsequently pre-incubated at 37 °C for I h in I ml of PBS, or PBS contaiining 500 #g of concanavalin A per ml or 5o0/zg of concanavalin A per ml plus 0.2 M-a-methyl-D mannoside. At the end of the pre-incubation period, the pre-incubation solution was withdrawn, and the cells were incubated at 37 °C for Io min in ~ ml of PBS containing o.I % glucose and 0"5 #Ci of a mixture of the ZH-labelled amino acids (Amersham, I mCi/ml). Subsequently, the cell sheets were washed twice with ice cold PBS, and the cells were lysed in 0"5 ml of o.I N-NaOH. The lysates were then neutralized with 0"o5 ml of I N-HC1, and the radioactivity was measured in a toluene methanol scintillator as previously described (Groneberg et al. I977) . The data were calculated as the ratio of uptake of amino acids by cells pre-incubated in PBS to uptake by cells pre-incubated in PBS containing 5oo/~g of concanavalin A per ml.
Agglutinability of cells by concanavalin A. Cells growing in monolayers were washed extensively with PBSd and detached from the plastic surface by incubation at 37 °C for 3o min in PBSd containing o.ooi M-ethylenediaminetetra-acetate (EDTA). The cells were then sedimerited and resuspended in PBSd at a concentration of I x ~o 6 cells/ml. Ten #1 of this cell suspension was mixed with Io/d of a solution of 25 to 500/~g of concanavalin A per ml in PBS, incubated at room temperature and screened for agglutination in a phase contrast microscope (Zeiss). The results have been evaluated according to the following scheme (Becker et al. I977) : -, IOO-95% single cells; +, 95-7o% single cells; + +, 7o-5o % single cells; + + +, 5o-3o% single cells; + + + +, 3o-5% single cells. (Chen et al. I976) . Cells were seeded in plastic dishes containing coverslips and were fixed 24 h later in a solution of 3 to 5 % forma!dehyde in PBS for Io min at room temperature. Subsequently, the cells were washed three times in PBS, and per coverslip 25 to 50/~1 of a 1:20 dilution of anti-LETS-antiserum from rabbits in PBS was added. The antiserum was obtained by injecting rabbits with human plasma fibronectin (LETS). The antiserum was found to react both with human, redent and chicken fibronectins. Dr A. Vaheri, Helsinki, kindly provided this antiserum. Incubation was continued at 37 °C for 30 rain, and the cells were washed three times in PBS. Thereafter, 25 to 50 #1 of a I: ~o dilution of fluorescein conjugated caprine anti-rabbit globulin (BBL, Becton-Dickinson Company) in PBS was added to the coverslips, and incubation at 37 °C was continued for 30 min. The cells were then washed extensively in PBS. The coverslips were mounted in PBS containing 50 % glycerol and examined in a Zeiss microscope equipped with fluorescence facilities.
Indirect immunofluorescence test for the presence of the large external trcnsformation sensitive (LETS)protein
Karyotype. In growing cell populations mitotic figures were selected and photographed in a Zeiss microscope equipped with a photographic attachment. Mitotic inhibitors were not used in order to avoid possible artifacts. Karyotypes of the different cell lines were compared after ordering individual chromosomes pairwise according to size.
Tumorigenicity of cells in hamsters. Cells of the B3, T637 and the Flo and GI2 lines were injected subcutaneously into four week-old Syrian hamsters (Hoe-Syhk Spf Ars, Hoechst, Germany) at concentrations as indicated. The animals were examined weekly for the occurrence of tumours at the sites of inoculation.
Extraction of cellular DNA. Cells were grown to confluency or half confluency in monolayers in 75 cm2 Falcon plastic dishes, and the total cellular DNA was extracted and purified as described previously (Sutter et al. 1978 ) . Briefly, the DNA was extracted by the Pronase B-SDS-phenol method. After removal of phenol, the DNA preparation was treated with RNase (2o/~g/ml) at low and high salt concentrations, treated with Pronase B and re-extracted with phenol. The phenol was removed by dialysis, against o.oI N-tris-hydrochloride, pH 7"5, o.oo~ M-EDTA (TE) and the DNA was finally purified by equilibrium centrifugation in neutral CsC1 density gradients.
Purification and reaction conditions of restriction endonucleases. In this study, the restriction endonucleases from Bacillus amyloliquefaciens, BamHI (Wilson & Young, I975) , and from Escherichia coli, EcoRI (Greene et al. I974) were used. The BamHI and EcoRI endonucleases were purified in our laboratory as previously outlined (Ortin et al. I976 ) , and the phosphocellulose and DEAE-cellulose fractions, respectively, were employed. Reaction conditions for the enzymes were as follows:
Endonuclease reactions were carried out at 37 °C for 2 h. Subsequently, the reactions were stopped by making the solutions o.oi M-EDTA, and the mixtures were extracted once with equal volumes of tris-hydrochloride-saturated phenol. The aqueous phase was recovered and dialysed against I/IOO the concentration of electrophoresis buffer (see below). Other experimental details and control experiments have been described elsewhere (Sutter et al. I978) .
Separation of restriction endonuclease fragments of virus and cellular DNA. DNA fragments were separated by gel electrophoresis in 1% agarose slab gels using the procedure of Studier (I973), as described earlier (Sutter et al. I978) .
Blotting technique. After electrophoresis, the DNA fragments in the slab gels were transferred to nitrocellulose filter sheets by the blotting technique (Southern, I975) according to the modification by Ketner & Kelly (I976) . The double-stranded DNA fragments in the gels were denatured by submerging the gels in I N-KOH for 20 min. Subsequently, the gels were neutralized by the addition of I N-HC1 in I M-tris-HC1, pH 7"2, for 6o min at ambient temperature and washed for 20 min in 6 × SSC. The gels were then placed on top of a nitrocellulose filter sheet (type BA85, o'45#m pores, lot 212/626, Schleicher-Schuell, Dassel, Germany) lying on a stack of filter paper sheets (Schleicher-Schuell, catalogue no. 595)-The gels were covered with a piece of plastic foil. After approx. 2 h and ten changes of filter papers, the gels were weighted and dried for an additional 2 h during which time the filter papers were changed approx, every 15 rain. When the gels were nearly dry, approx. 50% of the DNA fragments had been transferred to the nitrocellulose filter sheets in exactly the same positions they had reached in the gels upon completion of electrophoresis. The remainders of the gels were removed, and the nitrocellulose filters were dipped in 6 x SSC, dried at 80 °C for 2 h, and stored under vacuum.
Nick translation of adenovirus type 12 DNA. For the detection of adenovirus type I2 DNA sequences in the mass of cellular DNA, it was necessary to prepare highly radioactively labelled DNA probes. The nick translation procedure of Rigby et al. (I977) was adapted for our puposes in the modification described by Maniatis et al. (1975) . All other details have been outlined elsewhere (Sutter et al. 1978) .
DNA-DNA hybridization and autoradiography. Basically the method of Denhardt (1966) was applied for DNA-DNA filter hybridization. The details of the experimental conditions and for autoradiography have already been reported (Sutter et al. I978 ) .
RESULTS AND DISCUSSION

Morphological differences
The micrographs in Fig. I and 2 demonstrate the morphology of the B3 hamster cell line, of the AdI2-transformed T637 line and of the fibroblastic revertants GI2 and Fio. The round T637 cells differ very distinctly from the fibroblastic B 3, GI2 and FIo cells, both in morphology ( Fig. 1 ) and growth patterns (Fig. 2) .
In cultures of T637 cells, morphological revertants are observed rather frequently. These fibroblastic revertants can be recognized readily due to the uniformly round shape of the T637 cells. In three other AdI2-transformed hamster cell lines studied in our laboratory, :~ The data have been calculated as the ratio of uptake by cells which were pre-incubated in PBS to uptake by cells which were pre-incubated in PBS containing 5o0/zg of concanavalin A per rnl. Experimental details have been described under Methods.
§ The data have been quantified according to the scheme outlined under Methods.
lines HAI2/7, 2497-2 and 2497-3, morphological revertants have been very difficult to detect and to select for since the morphology of these transformed cells is not as uniform as that of the T637 cells.
Biological properties
Some of the biological characteristics of the B 3 cells, the T637 transformed line and the revertant lines GI2 and FIo have also been determined (Table ~) . While the B3 cells, a line of spontaneously transformed hamster cells, and the Adxz-transformed T637 cells do not react with the anti-LETS-serum, the two revertant lines Flo and GI2 exhibit the large external transformation sensitive protein on their surface. As to the uptake of 2-deoxyglucose and of amino acids, the revertant lines resemble in their behaviour the B3 line rather than the AdI2-transformed hamster cell line T637. It will be shown below (Fig. 3) that the GI2 line has lost some and the FIo line nearly all of the Ad~a-specific DNA sequences. Thus, the efficiency of uptake of low mol. wt. components, such as 2-deoxyglucose and amino acids, appears to correlate with reduction of virus DNA sequences. We are far from understanding the significance of this possible correlation. We have also tested the agglutinability of the four cell lines by the lectin concanavalin A. The data indicate that the cells of the BHK2I subline B 3 are most easily agglutinable; the T637 cells can also be agglutinated by concanavalin A, while relatively high concentrations of the lectin are required to agglutinate 3o to 5o% of the GI2 and Fro revertant cells (cf. Table I and Methods). The B3 and T637 lines form colonies in soft agar; the revertant cell lines will do so only when approx. Ioo times higher concentrations of cells are seeded in soft agar.
It is concluded that the morphological revertant lines GI2 and FIo differ markedly from the AdI2-transformed hamster line T637 in a number of biological properties.
Transplantability into hamsters
The potential of the four different hamster lines to grow in animals and to elicit tumours (undifferentiated sarcomas) has been determined by injecting I o 5 or I o G cells into four-weekold Syrian hamsters ( Table 2 ). The interpretation of the results is complicated by the fact that BHKzI cells are known to be oncogenic in hamsters (Stoker & Macpherson, I964) . BamHl ~t Expt. no. Judging from the time required to induce tumour growth in animals, the data indicate that the revertant lines GI2 and FIo grow less readily in four-week-old hamsters than either the parent B 3 or the AdIa-transformed T637 line and therefore appear to be less oncogenic.
II
Karyotypes
The karyotypes of the B3 and T637 cells and of the FIo and GI2 revertant lines appear to be indistinguishable. Marker chromosomes have not been detected.
The patterns of persistence of Adz2 genomes in the four hamster cell lines
The patterns of integrated Adl2 DNA in T637 cells and three other Adiz-transformed hamster cell lines have recently been determined (Sutter et al. I978) using six different restriction endonucleases and the blotting technique developed by Southern 0975). The data indicate that there is a distinct pattern of distribution of Adl2 DNA sequences in T637 cells and that a large contiguous block of virus DNA located in the centre of the genome appears to be integrated intact (Sutter et al. I978; cf. Fig. 3 , slot 3 from the left). The same techniques have been applied to the analysis of the persisting AdI2 DNA sequences in the Fig. 3 . Patterns of persistence of Adl 2 DNA in T637 cells and two morphological revertant lines GI2 and FlO. The DNA from the cell lines as indicated or from adenovirus type 12 was extracted as described previously (Sutter et aL I978) and was cleaved with the (a)EcoRI or (b) BamHI restriction endonuclease. The DNA fragments were separated by electrophoresis on 1% agarose slab gels and transferred to nitrocellulose filters by the blotting technique of Southern (I975). Ad 1z-specific DNA sequences were detected by hybridization to Ad 12 DNA which was 3~P-labelled by nick translation (Maniatis et al. 1975) and by subsequent autoradiography. All techniques have been described elsewhere (Sutter et al. 1978) . Ten #g of cellular DNA have been used in each slot. AdI2 (80 × ), (2o x ) and (4 × ) designate that Adr2 DNA has been used in the slot indicated in amounts equivalent to 8o, 2o, and 4 genome copies per cell, respectively. These amounts have been calculated on the basis of xo #g of cellular DNA and the corresponding cell number. In (c) the restriction maps of Adt2 DNA for the EcoRI and BamHI endonucleases are shown. two revertant lines GIZ and FIo (Fig. 3a, b) . The results obtained after cleavage of the cellular DNA with the EcoRI (Fig. 3a) and BamHI (Fig. 3b ) restriction endonucleases demonstrate: (I) that the FIo revertant line is essentially free of Adlz DNA sequences within the limits of resolution of the technique used; it can be shown in reconstitution experiments (data not shown) that one fragment equivalent per cell can be detected, and (2) that the D NA of the Gr z revertant line lacks several of the Ad 12-specific DNA sequences which are present in the T637 line (Fig. 3 a, b) . As expected, the B3 line does not contain virus specific sequences (Fig. 3 a, b) .
The mechanism by which multiple copies of integrated virus DNA can be lost completely or nearly completely, as in the Fio line, or partly, as in the GI2 line, is not known. It has been shown previously that the T637 line of Adi z-transformed hamster cells contains multiple copies of AdI2 DNA (Fanning & Doerfler, 1976; Sutter et al. 1978) . There is evidence that some of the persisting virus DNA is integrated into repetitive sequences of cellular DNA.
The latter facts will have to be considered when models for the mechanism of this loss of virus DNA sequences are discussed.
Conclusions
The persistence or absence of virus DNA in the morphological revertants isolated can be correlated with some of the biological properties of these cells. With decreasing amounts of Adlz DNA persisting in the revertant lines, the cells appear to grow less readily in animals, are less easily agglutinable by concanavalin A, react with anti-LETS-antiserum and resemble the parent B3 line with respect to their ability to take up low tool. wt. compounds such as z-deoxyglucose and amino acids. Of course, it is not yet possible to relate any of these parameters to the presence or absence of specific virus genes. It is more likely, however, that cellular functions and their alterations due to the presence and/or expression of virus genetic information play the decisive role in the modulation of the complex cellular parameters that have been investigated in transformed cells.
